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During the summer of 1956, the Control Systems Labor­
atory of the University of Illinois proposed a method to 
extract aircraft drift angle from a standard search radar. 
It was desired that the modifications necessary should 
not degrade the search radar in any manner and that the 
added weight be kept to a minimum.
Consider an airborne search radar of beamwidth qp 
illuminating a sector of ground at a mean angle 9 from 
the aircraft ground track. If the ground velocity of an 
aircraft is V , two scatterers within the beamwidth will
velocity will occur between paired scatterers on each edge 
of the illuminated sector. Thus
P
have radial velocities relative to the plane of V cos 91 
and V cos 92 respectively with a difference velocity 
dV * Vp (cos 9-^ - cos 92) • The maximum difference
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This difference velocity between scatterers can be 
detected as a doppler frequency f^ = , which for X-
band.is 52 c.p.s. per knot of radial velocity relative 
to the radar. Then the maximum doppler frequency within 
the beamwidth will be f^ max = 52 Vpqp sin 9. If the 
aircraft ground velocity and beamwidth are constant, 
the maximum doppler frequency will be a function of sin 9
only.
With a radar having a constant transmitted power, a
uniform ground illumination and homogeneous scatterers,
the reflected power P from the ground will be constant
with 9. If the beamwidth q> is divided into N scatterers
spaced d9 apart, there will be N-l pairs producing a
doppler frequency f. = 52 V sin 9 (d9), N-*2 pairs
ai p
L2
producing f^ = 52 Vp sin 9 (2d9), and so on up to a
single pair producing the maximum frequency
f = 32 v sin 9 (qp). Since each pair reflects theci max p
same doppler power, the power contained in each doppler 
frequency is proportional to the number of pairs pro­
ducing the frequency.
Figure No. 1 illustrates the relationship between the 
relative power in the doppler frequencies f^n for several 
angles 9. Since the total received power is constant, 
the area under each line is constant and it is seen that 
as 9 increases permitting higher doppler frequencies to be
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present, the power in the lower frequencies must diminish.
By selecting a frequency, it is possible to plot the 
power contained in it as a function of the angle off the 
ground track. This relationship is plotted in Figure 
No. 2 for several frequencies. It is obvious that there 
is always more power in the lower frequencies since there 
are always more scatterers spaced d9 apart than there are 
scatterers spaced ndO apart.
Any attempt to detect and analyze this doppler effect 
must consider the gain characteristics of the electronics 
involved. Using a linearly increasing gain characteristic 
for frequencies 0 to 50 cycles and constant gain there­
after, the curves of Figure No. 2 will be modified to those 
of Figure No. 5. These curves now closely resemble an 
actual frequency analysis of a particular search radar as 
shown in Figure No. A. It is vividly shown that the doppler 
frequencies increase with the angle off ground track and the 
power, approximated by the blackness, is concentrated in the 
lower frequencies.
Examining these graphs one can see a relationship 
between the power in a particular doppler frequency, and 
the angle off ground track. Thus, it should be possible to 
determine the angle between the aircraft heading and the 
ground track. One method considered was the use of a 
selective filter for a low frequency where a definite peak
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occurs at a particular angle. As the search antenna 
made one scan, two peaks would occur and the ground 
track would be between them. This method has at least 
two disadvantages namely, that such a selective filter 
will have an excessively long rise time compared to the 
time the antenna examines each angle; and that for 
actual non-homogeneous terrain the probability of the 
particular frequency existing and peaking at the desired 
angle is small.
Another method, ultimately used, examines the power 
contained in a band of frequencies on each side of the 
ground track and compares the two. This method elim­
inates the selective filters and rise time troubles and 
since a band of frequencies are considered, the effect 
of non-homogeneous terrain will be reduced. As the 
search antenna scans from one limit to the other, a 
0.5 microsecond range gate and box car circuit1 pulse 
stretches the radar video producing the various doppler 
frequencies f^n = 52 sin 9 (nd©). The range at 
which the video is sampled is independent of the doppler 
frequencies, however, it must be far enough out to 
insure an unsaturated ground return at all angles, 
because a boxcar circuit cannot extract doppler frequencies
1 Vol. 24, Radiation Laboratory Series
C O N F I D E N T I A L
I
1
i
*
*
C O N F I D E N T I A L  101-7
from saturated video. In two equal scan sectors, the 
doppler frequencies are selected by a bandpass filter, 
rectified, and integrated positively in one sector and 
negatively in the other sector. The difference between 
the integrals is transferred to a servo system which moves 
the sectors in a direction to reduce the difference.
When the two integrals are equal, the ground track lies 
equidistant between the sectors, and the angle between 
this median and the aircraft center line will be the drift 
angle.
The device indicated in Figure 5 was built and tested 
during the fall of 1956. The nose of an Aero Commander 
680 aircraft was modified for a search antenna having a 
5.8° azimuth beamwidth, a cosecant squared beam in the 
vertical plane, and scanning a 170° sector at approximately 
90 degrees per second. A cruising speed of 180 knots gives 
a maximum doppler frequency of J>6o c.p.s. The bandpass 
filter used was 120 - 15 c.p.s. and the sectors of inte­
gration were from 5 to 40 degrees on each side of the 
ground track. The antenna follow-up error was less than
0. 5 degree. Extensive flight tests using an optical drift 
meter as reference shows the device has an accuracy of
- 1 degree when flying over fairly homogeneous terrain,
1. e., Illinois and Indiana. The error is greater when 
flying over non-homogeneous terrain such as along a coast
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line. The entire drift computer weighs approximately 
25 pounds; however, careful selection of servo components 
could reduce the weight to 15 pounds.
Thus it is possible to extract drift angle from a 
search radar without altering the search characteristics. 
A reasonable accuracy can be obtained for most of the 
terrain encountered and only a small weight need be added 
to the aircraft.
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APPENDIX
Detail Schematics of Circuitry Used in SLAR Tests
I Cyfly Drift Unit —  Model 2
CSL Drawing No. AD-308-U
II Navig-Demodulator
Range Delay and Boxcar
CSL Drawing No. AD-632-U
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